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ABSTRACT

OBJECTIVE

To determine the relationship between the frequency of temporary
threshﬁ]d chift (1TS), the pitch of induced tinnitus (IT), and the fre-
quency of the inducing stimulus.
HETHOD

Observers were exposed monaurally to four pure tones, to white noise,
and to three octave bands of noise at levels sufficient to induce tinnitus.
They were asked to match the frequency of the tinnitus by manipulating the
frequency of a tone in the opposite ear, and their TTS was then measured
on a Bekésy audiometer.
SUMMARY

Both frequency of maximum TTS and pitch of induced tinniius increased
with frequency of the inducing stimuius; however, they did not coincide.
CONCLUSION

One should be hesitant in assuming that when an individual has a
tinnitus of a certain frequency that his maximum hearing loss is at that
frequency.,
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THE RELATION OF ‘INBUCED TINKITUS TO PHYSICAL
LPARACTERISTICS 0FTHE mnucma ST muu .

| .-;’;BSTRAC.T -

Aftaﬁ obervews Kere exposea to 1ntenso purc Sons and bruad band acouat1c
timuii their tempovary thrmsrsld ghifts wevy measured. and they wsre aske
&5 match the pitch of anv resuitﬂng tinn?&uo by manipula?ing the fraqugnCy of
an adjustabla low»lcve! pure tone An the Oppssite aar.~ It uav found than both
" the fruama*'v of binwztua arﬁ fh” ;réquenry of tﬁe tone used fow thevpirch |
mateh - .ncveased ax the fraqunnCy of she traumatic st@mu!us 1ncrnased but maf-
’ 1mum 1055 freqnewcy and t1nnit45 frequenwy did not coincide. AI hough ﬁha o\»
gervers wova qdita ra]iable in vﬁsir judqmentv nf t@ﬁnitus n]tcited b) a stwn-
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THE RELATION OF INDUCED TINNITUS TO PHYSICAL
CHARACTERISTICS OF THE INDUCING STIMULY

~ MWichel Loeb
US Army Medical Research Laboratory, Fort Knox, Kentucky 40121
Richerd P. Smith |
University of Louisville, Louigéillq. Kentucky 40208

Tharz has been a considerablarnﬂmbgr'b§né§p§giments concerned with the
nature and extent of p@rmanent=bﬁ“16ng;last1;§ %innitus aurtum. (For a re-
. ccnt cowprehengive rev1ew. sge Grahum. 1965 ) Generully, 1nvestigators have
auked patients with hedring disabi]ities to describe their tinnitus and to
mateh 1t to an external 'stimulus in frequenty and 1ntensity;.they have then
attempted, with varying dagrees of success, tc relate thair findings to type
of hearing 1oss and to the ?requﬁncy of maximum ioss. Graham and Newby
: (1962) have reported that patients with conductiwﬂ lesse° reported tinnitus
| in a more rustrirted 10w~wrﬁquoncy range than patients with sensorinaural’
or mixed losses or normal ind§viduals. RelutiveI; few studies have bsen re-
- ported on the characteristics of tinnitus asgociated with temporavy hearing
lﬁéses. Ward (1963) reported that most commonly such tinnftus is a broad-
band nofse resembling that produced by a waterfall, that when it {s toﬁél
1t tends to be of relatively hiéh frequency (2000-6000 cps), ard that 4t
does, to gome extent, mask & test tone of similar frequency, especially
wher the test tone is continuous.

There bave been no experimants, to the authors' knowiedge, fn which

tinnitus was deliberately induced in normal subjects and the relationship
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of the characteristics of the induced tinnitus and those or the inducing
stimuli Aand of the temporary thresholq shift ware systgmaticqlly studied.
The experiment to be described represents ar inftial attempt to do 80, - ‘
PROCEDURE kY

Eight stimuli were employed for production of tinnitus--a BﬁO,Cps,A
tone, a 1000 cps tore, a 2000 cps tone, a 3000 cps .one, a white noise; a
600-1200 cps nofse, a 1200-2400 cps noise, and a 2400-4800 cps noise.  Ex-
posure was in the right ear, under free f1eld.cbnd1t§oqs;'the»iéft ear was
plugged with a Com-Fit earplug or Willson muff, Subjécts wére.tésted bgfﬂre
and after exposure with a Grason-Stadler Békésy type audwsmete 2 beginning'
at 500 cps. The fast scanning speed wes enpioyed &nd testing WAS iniﬁiated
90 sec after exposure. Test stimuli were pulsean and 1nit1a1 !evn! for the
exposure stimulus was 90 dB. Exposure duration was 5 minutes.

Each $ was vun repet1t1velvaffﬁ cach’ exposure $timulus. until he had 2
TTS as great as 40 dB or until the: stimulus 1evel was 120 dB. Each‘subject'
was asked immedfately following exposure whether he noticed any sound wfth» i
in his ears or head, If Quch Q. saund uas expérienced an earphonm was p!aced
on his left (unexpssed) ear, he was asked to des criba tne sound, and. 1t was ﬁ
requested that he manipuTnte the controﬂs Qf a HewlettnPackard transistor
oscillator to match the pitch of the sound that he heoard. Thp 1ntensity level
of the transistor osc1liator was set at a low 1evel (approximateiy ?0 dB sen-
sation leval), usually 1n the 1000«?000 cps rangp %and observerg weve allowed
to change intensfity setting 8% weil as Frequenqy sotting.

Subjects. All subjects were 1nmates of tﬁg_qu;iqgjlgtate Reformatory

(an adult penal institution) at LaGrange,. Ky. 'TheiwfécOtesfon a non-verbal
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inteiligence test (Army Beta) were available, and preliminary audiometry
s performed; thbse with Beta test sébres,ﬁelow 90, achievement scores be-
“tow tha sevanth grade level, or. he@ring 1evels in excess of 20 dB (ASA) at
or belew 4000 cps were rejected, Part1c1pat1on was “voluntary and subjects
waere paid for participatingé*}:'
'RESULTS AND DISCUSSION
In order to obtain a moderatéfy‘igrga.sqﬁplé, differing numbers of $s
had to be obtainud fornthe d!ffaren? exposure conditions; moreover, some of
the Ss were employed for séver»i eypo~ures and some were not. It is nct pos~
sible, therefore, to perform a precise statistical test of the difference in
mean pitch match betwcen nxposure conditions. Subjects were tested tuice at
the highest exnosure tevel employed to determine uhether there waere pitch
matches under_pdch condftion chavracteristic of the individual.

Tabie I summarizas & nuaber of the experimental results,

TP AR W D BB I WD 6 U SO OB W0 45 OB Mo We A S5 18 O DY N 9 vY

Y R 11 EE WD G D WS TGP S T WD DS @ e VO GY €5 W WP T e &e

For each expozuie condition there was considerable intersubject vari-
ability, hoth for the frequency of pitch match and frequency of maximum loss.
Furthermavre, the distributions of these were quits: skewed. For this reason,
median and 3em§-interquart?1e ranges (Qs) were computed as indices of central
tendency and variability, respectively.

It 1s apparant that there 's a general teadency for both the median pitch
match frequency and the median frequency of maximum loss to increase as the
frequency of the eliciting stimulus increases. However, the twe neither gen-

erally cofncide nor increase at the same rate. For the pure-tone eliciting

(€3]
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stimulus, the increase with 1ncrcasing f‘requenc,y of clicitmg stimulus is
generally greater,. UHWith the noise eliciting stimulty pitch match frequencies
were generally higher than maximUm loss frequencies. , ,

It 45 obu..us fvom Table I that both maximum Toss (M) -and pi%ch match
(PH) frequencies were quitg‘yar{able @fthiﬁ the gr@ﬂpé. and iﬁjmight be asked
whether subjeéts were able to match this subjective tinnitus relfably, At
the maximum exposure level, each cbserver was exposed twice and thé test-
retest (relfahility) coefficients obtatned. It is appar?nt {Table II) that
in general the observers vere fairl -eliable in their pitch matches, though
it is, of course, impoésible to meke any statemsznt about the va?idity of

their judgment.

-------------------------
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One other finding appears worthy of comment. Aithough WQ?d (1963) ra~'
ported that previous 1nvestigators have generally rapc ted "noisg" rather
than tonal tinnitus, this was not the case in the present experiment._ Only.
three subjects veported a “buzz" or "Alha-Seltzer" type of nuise. theugh
these observers were told that such a tinnitus might occur and were. encour-
aged to report it. Several did report hearing complex tonas thay were 1n-.
structed to match the most prominent element of the yeported comp'lexes°

cowcwsmns _

1. Tinnitus elicited by tones and broad band noise is generalIy tonal
rather than "noisy." | |

2. It cannot be assumed that the reported tinnitus coincides withfthef’
frequency of maximum loss, when the tinniius and loss arartemporary and vhen

the hearing of the subjects falls within normal limits,
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3. Pttch of tinnftus tends to increase witn frequency of the eliciting
stimulus, but individual differences are considerabie.
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TABLE I1

TEST-RETEST RELIABILITIES FOR PITCH MATCHES
_(PEARSON CORRELATIONS)

Eiteiting Stimulus

e | white | 600-1200 | 1200-2400 | 2400-4800
500 cps | 1000 cps | 2000 cps | 3000 cps | nofse cps cps cps
.83 112 .90 60° Jo92 | o0.83% | o0.908 49!

]Stutistically significant beyond the 0,07 Javel,

zNot significant. llowever, the distribution ccntains one very extreme vaiue. I7 the

pair containing this value is eliminated, the test-retest correlation 1s 0.89 (sig-

nificant beyond the 0.01 level); 1f the pafr is retained and the Spearman rank order

test-retest corrulation computed, test-retest correlation is 0.65 (significant be-

yond the 0.025 level).

1fabfifty of 0.79 was obtained for 14 observers,

3Statist1cuily sfgnificant at the 0.05 level.

In a lator replication of exposures to this stimulus, a re-
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